Initial electrochemical activities
Fig. S1: Initial activities (geometric, specific and mass based) of all samples investigated at 1.53 VRHE (300 mV overpotential, iR corrected), highlighting the detrimental effect of heat treatment on the activity. Fig. S1 illustrates the detrimental influence of heat-treating on the initial activity (taken from the SPV measured at the beginning of the electrochemical protocol -see experimental section below) before further effects such as catalyst loss can set in. Initially, all non-heat-treated samples except IrNi HT are more active than their heat-treated counterparts. However, caution has to be applied when interpreting this data as the initial scans can be superimposed with additional oxidation and dissolution currents, which is also represented by the larger error bars. Further initial activity data is given in Table S1 . is lost, the Ti support could be easily oxidized to TiOX species during the OER. For future studies, protective coatings such as Au or TiN could present a good mitigation strategy if the catalyst adhesion of a specific catalyst cannot be optimized.
Catalyst layer delamination after OER

Cross-section analysis
To elucidate the structure of the emerging NiO layer and its stability, (scanning) transmission electron microscopy (S/TEM), selected area electron diffraction (SAED), as well as STEM-EDX line scans were performed on a cross-section sample of IrNi/NiO HT-OER, which are described in the following (see In Fig. S7a the titanium support is visible at the top, followed by a thin interlayer between support and catalyst layer. Thin pores and larger holes that penetrate the total layer depth characterize the catalyst layer. The pores as well as most of the larger holes are filled with a lighter material that is distinct from the Ti support or IrNi layers. Below the catalyst layer a second, thinner layer with similar contrast as the pores and holes is detected. Finally, the two protective layers of carbon and tungsten sputtered before and during the FIB-SEM preparation process complete the layer structure. at 550 °C. 3 On top of the particulate layer a second, brighter layer (19 ± 3 nm) is visible throughout the cross-section that exhibits finer grain, which could be an effect of the polishing procedure applied to the Ti substrates during the preparation process. A higher magnification of the surface layer is shown in Fig. S7d showing an average layer thickness of 24 ± 6 nm. We note that even after the harsh OER conditions, this suface layer fully covers the catalyst surface over the whole length of the investigated TEM-lamella. SEM cross-section of the -ap samples (Fig. S12 ) reveals a layer thickness of ~ 80 nm on average (Fig.  S13) . Heat treatment leads to minimal shrinking of the layer thickness, probably due to sintering of the layers. Of the other two bimetallic catalysts, IrNi-OER retained more Ni (surface: 6.4 at%, bulk: ~50 at% Ni) than In comparison to the metallic catalysts, the bimetallic oxides exhibited similar structures. a key reason for their similar, outstanding specific OER activities. The additional performance boost on
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IrNi HT-OER might stem from the formation of a pure IrOx surface layer on top of a metallic bulk layer and as such a "core-shell"-like structure with distinct intrinsic activity as observed in IrNi NPs. 6 base vacuum of about 10 -4 Pa. 8 The argon and oxygen flow rates introduced in the deposition chamber were controlled with Brooks flowmeters and the total pressure was measured using a MKS Baratron Gauge.
Additional geometric electrochemical activities
The films were deposited at a total pressure of about 4.5 Pa. The Ir target (50 mm in diameter and 1 mm thick) and the Ni target (50 mm in diameter and 3 mm thick) were mounted on a balanced magnetron cathode with a target-to-substrate working distance of 100 mm. The Ir target was powered by pulsed DC supply (Advanced Energy Pinnacle+) with a discharge current of 0.25 A pulsed at 70 kHz and the discharge current applied on Ni target was adjusted to obtain a convenient composition. The main sputtering parameters are summarized in Table S3 . Samples were heat treated at TUB in a rapid temperature tube furnace with a moving heating stage (MTI Corp., USA). The heating stage was preheated to 450 °C and then slid over the sample with the latter being at room temperature. In order to compensate for the unavoidable cooldown the heat treatment was applied for 20 min, resulting in 15 min at 450 °C as in the IrNiOx TF synthesis. 4 Afterwards, the heating stage was slid back to achieve rapid cooling of the samples. For the metallic samples the tube furnace was purged with Ar (4.6, Air Liquide) for 24 h before starting and during the heat treatment. The heat treatment of IrNi/NiO HT was identical to the metallic samples but after a shorter Ar purging period of 2 h. The oxidic samples were heat treated in synthetic air (20 % O2 in 80 % N2, Air Liquide). were evaluated with ImageJ (Version 1.48, W.S. Rasband, NIH, USA).
Physicochemical characterization
XPS fitting and data evaluation
Only on IrOx-OER a significant amount of TiOx was detected due to the severe delamination. On
IrNi HT-OER a small TiOx (~0.6 % Ti) contribution was detected as well. The Ti-O contributions to the O1s spectra were fitted in analogy to an uncoated Ti disc that underwent the same electrochemical protocol (TiOx-OER) and subsequently excluded when calculating the OH concentration. This is plausible as TiOx does not show any OER-activity in the investigated potential range. 11 
Electrochemical protocol
In short, electrodes were immersed in degassed electrolyte (15 min, N2) at 1.0 VRHE followed by three scans in the OER region. The first and third scan are slow CVs (6 mV s -1 ) into the OER region, starting from 1.0 V up to a current density of 15 mA cm -2 . The second scan was performed as stepped potential voltammetry (SPV). Starting at a potential corresponding to 0.01 mA cm -2 the potential is stepped up by 20 mV until a current density of 15 mA cm -2 is reached. At every step, the current is recorded for 5 min to obtain the steady state activity. Subsequently electrochemical impedance spectroscopy (EIS) is measured at the same potential. For evaluation the last 20 s of each step are averaged. After the OER scans, the electrolyte was degassed again while holding the working electrode potential at 1.0 V. Subsequently, cyclic voltammetry (CV) between 0.4 and 1.4 VRHE at various scan rates (500, 200, 100, 50, 20 and 10 mV s -1 , 100 cycles at 500 mV s -1 and 3 cycles at each following scan rate) was measured. Finally, the lower turning potential was extended to 0.05 VRHE and the CVs were repeated. The whole protocol was repeated once for each sample to obtain steady state data of the catalysts. CVs and OER scans were conducted at 0 rpm and 1600 rpm, respectively. Ohmic drop correction was calculated with the high frequency resistance obtained from electrochemical impedance spectroscopy (EIS) at 1.0 VRHE and at elevated OER-potentials.
The total anodic charge Qanodic of the samples was obtained from the third 0.4 -1.4 VRHE CV at 50 mV s -1 .
To calculate the specific current density, the recorded current I [mA] was divided by Qanodic [mC] . This has been established as a relative measurement for the available electrochemical surface area on iridium based thin film catalysts. 3, 12 OER activities were extracted from the SPV OER scans. The SPV taken in the beginning of the test is denoted as initial activity whereas the data taken from the SPV in the repetition of the protocol is denoted as steady state activity.
Specific activity normalization
Albeit being the most comprehensive figure of merit for comparing application-oriented activities, mass activity might not necessarily be the best choice for mechanistic or structural investigations. Especially when comparing monometallic (oxide) catalysts with mixed or doped catalysts it is easy to miss activity descriptors because of the -in this case -biased figure of merit. The reference catalyst Ir-OER naturally showed a much lower mass activity but reached similar specific activities as IrNiOx-OER and, despite catalyst loss, the latter compares well to IrNiOx HT-OER (compare Fig. 1a in the main manuscript). The latter shows that specific activity obtained by normalizing to Qanodic allows the exclusion of superimposed effects such as physical catalyst loss etc. Hence, however normalized, the figure of specific activity is making mechanistic comparison possible in the first place. We acknowledge that normalizing the current by Qanodic is not ideal either as this method is limited to thin film or unsupported catalysts. On supported catalysts the capacitive component of the support will distort Qanodic and alternatively the charge under the Ir III+ /Ir IV+ peak QIr is often used. 2 Unfortunately, the latter is not always accessible on IrOx films (see Fig. 1b , c in the main manuscript). However, as Qanodic will always be larger than QIr, its use will only underestimate the activity, if at all. Additionally, as discussed above, normalization by Qanodic has proven to be an excellent measure when comparing specific activities despite obvious catalyst loss. Thus, by lacking a better alternative, Qanodic (being an accepted measure on thin films) was used here, too.
